1. Introduction {#sec1}
===============

Maternal hypertensive disorders are the most common complications of pregnancy. Pregnancy may be complicated by four distinct forms of hypertension: preeclampsia/eclampsia, chronic hypertension, preeclampsia superimposed on chronic hypertension, and gestational hypertension \[[@B1]\]. Arterial hypertension may be associated with inflammatory and oxidative stress. Preeclampsia as other forms of hypertensive conditions during pregnancy may affect the risk for future cardiovascular disease \[[@B2], [@B3]\].

Several authors described association between maternal pregnancy complications as preeclampsia---with greater future risk of mother to develop hypertension and atherosclerosis \[[@B2], [@B3]\]. Indeed, there are biomarkers associated with inflammatory process and blood pressure, which may lead to the future evolution of hypertensive disease of pregnancy and cardiovascular risk in women who previously developed hypertension during pregnancy \[[@B4], [@B5]\].

Haptoglobin (Hp) is an acute phase *α*2 plasma glycoprotein, synthesized in the hepatocyte and other peripheral tissues, which scavenge free haemoglobin and may modulate differentially cardiovascular risk through its antioxidant and anti-inflammatory different capacities associated with their genotypes \[[@B6], [@B7]\]. The Hp gene is expressed primarily in hepatocytes but also locally in other tissues or in cells related with inflammatory processes, such as neutrophils \[[@B8]\]. This protein has a pronounced anti-inflammatory action and has high affinity to a specific receptor (CD163) located in circulating monocytes, resident macrophages (M2 type), and liver Kupffer cells \[[@B9]--[@B11]\]. The cellular expression of this pathway of Hp, CD163 and hemoxygenase (HO-1), is strongly activated directly or indirectly by cytokines, such as interleukins (IL-6, IL-1), tumor necrosis factor alfa (TNF-*α*), growth factors (M-CSF) \[[@B12]\], or hormones such as catecholamines and glucocorticoids \[[@B13]\].

Hp may have a role in the pregnant women with hypertension playing a protection role from further cardiovascular risk, once it prevents the formation of free radicals and its accumulation in endothelial cells, catalysed by heme, therefore preventing vessel injury \[[@B9], [@B11], [@B13]\].

Hp has a genetic polymorphism (Hp 1.1, 2.1 e 2.2) contributing to the great variability in anti-inflammatory responses; namely, Hp 2.2 phenotype is associated with a lower antioxidant capacity than the other two Hp phenotypes because of its higher molecular mass that restricts its extra vascular diffusion \[[@B6], [@B7], [@B14]\]. Also the Hp 2.2/Hb complex scavenges more nitric oxide (NO) than Hp 1.1/Hb due to its longer half-life in circulation \[[@B7], [@B15], [@B16]\].

The inhibitory effects on prostaglandin synthesis of Hp 2.2 and Hp 2.1 are less pronounced than those of Hp 1.1 contributing differently for its lower anti-inflammatory action \[[@B6], [@B17], [@B18]\]. However, Hp 2.2 is the most angiogenic form in the course of chronic inflammatory processes leading to greater ischemic tissue reparation and promoting of collateral vessel formation than the other two forms \[[@B19], [@B20]\].

The *α*-chain of haptoglobin and haptoglobin-related protein (Hpr), belonging to the cluster of Hp in chromosome 16, contains a hydrophobic signal peptide that may explain its association with lipoprotein particles (HDL) or membranes \[[@B21]\].

The objectives of the present work were to evaluate in women with history of hypertension in pregnancy/preeclampsia the susceptibility to develop hypertension in the future and the possible relationship with Hp phenotypes; the second objective was to evaluate the influence of the Hp genetic polymorphism on circulating cardiovascular risk biomarkers and the level of blood pressure in a prospective cohort.

2. Materials and Methods {#sec2}
========================

2.1. Sample Population {#sec2.1}
----------------------

We studied 352 women aged 35 ± 5.48 years, and from these, 165 had preeclampsia 2 to 16 (± 6.6) years ago, which was identified from medical records at the Department of Obstetrics and Gynecology from the Júlio Diniz Maternity, Maria Pia Hospital, OPorto. The diagnosis of preeclampsia was based on criteria of the International Society for the Study of Hypertension in Pregnancy (ISSHP) \[[@B22]\]. Women of the control group of the same Hospital were matched for age within group on the study and similarly to the study group. They were firstly interviewed by phone. Then, they were invited to come to the research center during the same phase of their menstrual cycles for sample collection. We also evaluated some unhealthy behaviors as smoke and alcoholic habits through a questionnaire that determined women who smoked or drank after pregnancy, respectively.

Women were stratified accordingly to the criteria of the ISSHP \[[@B22]\] in preeclamptic (PE) and normal blood pressure in pregnancy (NBPP); in hypertensive after pregnancy (HTA), and normotensive after pregnancy (NBP), based on the criteria of European Society of Hypertension (ESH) and European Society of Cardiology (ESC) \[[@B23]\].

2.2. Haptoglobin Polymorphism Detection {#sec2.2}
---------------------------------------

The three phenotypes of Hp (1.1, 2.1 and 2.2) were separated from plasma using polyacrylamide gel electrophoresis (PAGE) and its presence was detected by the peroxidase activity of the complex haptoglobin---haemoglobin over the colour using substrate of o-dianisidine ([Figure 1](#fig1){ref-type="fig"}) \[[@B24], [@B25]\].

2.3. Circulating Cardiovascular Risk Biomarkers Determination {#sec2.3}
-------------------------------------------------------------

The different circulating biomarkers were determined by enzyme-linked immunosorbent assay (ELISA---R&D Systems Inc.) such as myeloperoxidase (MPO, ng/mL). Nitric oxide metabolites (NOx, mmol/L) and nitrites (*μ*mol/L), transaminases---AST (Aspartate transaminase, UI/L), and ALT (alanine transaminase, UI/L) were determined by conventional standardized methods. Classical biomarkers as serum lipids and lipoproteins: total cholesterol (t-cholesterol, mg/dl) and HDL and LDL cholesterol, were measured by using automated enzymatic assays (ABX Diagnostic) and apolipoprotein A and B (Apo A and B, mg/dL) by using automated immunoturbidimetric assays (ABX Diagnostic). Serum C-reactive protein (CRP, mg/L) was assessed by an immunoenzymatic method (adaptation of the method of Highton and Hessian, 1984 \[[@B26]\].

2.4. Blood Pressure and Anthropometric Parameters Evaluation {#sec2.4}
------------------------------------------------------------

Blood pressure in mmHg (BP) was measured by an oscillometric method. Anthropometric parameters such as BMI (body mass index, Kg/m^2^) and hip (cm) and waist circumference (WC, cm) were evaluated using classic measurement instruments.

2.5. Statistics Analysis {#sec2.5}
------------------------

In statistical analyses, we included departure from normality according to Kolmogorov Smirnov test and then adequate parametric or nonparametric tests to compare means. We also performed the Chi-square, and for pairwise comparisons between groups we used Student\'s *t* test or Mann-Whitney *U* test, with a probability value of \<0.05 considered statistically significant. For this analysis, we used 21 version SPSS programme.

3. Results {#sec3}
==========

The results are shown in two parts. The first one considers the risk of preeclampsia in accordance with Hp phenotype distribution in women during pregnancy (Study 1). The second one observes the susceptibility of cardiovascular risk in women with previous preeclampsia, considering also the influence of circulating cardiovascular risk biomarkers, and Hp phenotype, in a follow-up subsample of 2 to 16 years (Study 2) ([Figure 1](#fig1){ref-type="fig"}).

*Study 1: Haptoglobin polymorphism and susceptibility for the development of preeclampsia.*

[Table 1](#tab1){ref-type="table"} shows distribution of Hp phenotypes in a population of normotensive (normal blood pressure in pregnancy---NBPP) and hypertensive (Preeclampsia---PE) pregnant women (*N* = 265). The NT women were significantly younger (27.93 ± 4.91, mean ± S.D.) than women with preeclampsia (29.71 ± 5.97, mean ± S.D.) (*P* = 0.011). Most women have over 34 weeks of gestation, independently of hypertension degree, but before or 34 weeks of gestation there were more significantly preeclamptic women (30.3%) (*P* \< 0.001) (data not shown).

In our population of 265 Caucasian pregnant women and concerning the Hp phenotype distribution, we found no statistical differences of Hp phenotype distribution (1.1, 2.1, and 2.2) between 128 normotensive women (NT) and 137 PE (*P* = 0.421) ([Table 1](#tab1){ref-type="table"}).

We also evaluated the distribution of Hp phenotype in all preeclamptic women at age of diagnosis between**≤**34 weeks of gestation and \> 34 weeks of gestation and we observed no significant differences ([Table 2](#tab2){ref-type="table"}).

*Study 2: The susceptibility of cardiovascular risk in women with previous preeclampsia and the influence of risk biomarkers and its modulation by the Hp phenotype at long term (2--16 years).*

In the follow-up group we evaluated anthropometric and hemodynamic parameters and some biomarkers of cardiovascular risk in a sample of previously preeclamptic women and compared them with normotensive ones adjusted for age at pregnancy. We also study the influence of the Hp phenotype on the levels of biomarkers in circulation.

3.1. Anthropometric and Hemodynamic Parameters {#sec3.1}
----------------------------------------------

This sample consisted of 150 women aged 20 to 35 years old (min.: 20--max: 47; 35.24 ± 5.48 (mean ± S.D.) and minimum BMI of 17.1 (underweight) to 42.7 (obesity) (26.39 ± 4.57 Kg/m^2^, mean ± S.D.), who were recruited for this prospective study, 2--16 years after delivery. During pregnancy, 60 women were NT and 90 were preeclamptic. In this group, 16.2% have smoke habits and 4.7% consume alcoholic beverages, after pregnancy.

In this sample, when evaluating the values of blood pressure and anthropometric data we observed significantly mean higher values in previously preeclamptic women (PE) for BMI (27.05 ± 4.79, *P* = 0.033), WC (89.54 ± 15.64, *P* = 0.004), systolic blood pressure (134.99 ± 16.50, *P* \< 0.001), and diastolic blood pressure (85.93 ± 18.28, *P* \< 0.001), when compared with NBPP ([Table 3](#tab3){ref-type="table"}).

3.2. Cardiovascular Risk Circulating Biomarkers {#sec3.2}
-----------------------------------------------

In order to evaluate biochemical biomarkers potentially implicated in cardiovascular risk, we found statistically significant differences with higher concentrations for previously PE comparing with NBPP, for MPO (85.67 ± 39.39, *P* = 0.020), nitrites (19.12 ± 7.01, *P* \< 0.001), ALT (19.00 ± 1.36, *P* = 0.003), and Apo B (0.64 ± 0.14, *P* = 0.023) ([Table 4](#tab4){ref-type="table"}) and slightly higher values for NOx (99.44 ± 39.52, *P* = 0.061).

According to classification during pregnancy \[[@B22]\] and considering the Hp phenotype, we found a variation in anthropometric characteristics and blood pressure and also in the cardiovascular risk biomarkers, classical or not between normotensive and preeclamptic women ([Table 5](#tab5){ref-type="table"}). In women with Hp 1.1 and 2.1 phenotypes, we found significantly higher values in preeclamptic women (PE) in WC (90.78 ± 17.58), systolic and diastolic blood pressures (134.65 ± 18.31 and 86.19 ± 19.42, *P* \< 0.001), MPO (94.17 ± 42.14, *P* = 0.008), nitrites (19.98 ± 8.53, *P* \< 0.001), ALT (19.98 ± 8.53, *P* = 0.005), and Apo A (0.98 ± 0.16, *P* = 0.011) and also a trend in BMI (26.95 ± 5.46, *P* = 0.061) compared with normotensive ones ([Table 5](#tab5){ref-type="table"}).

On the other hand, for Hp 2.2 phenotype we found also significant differences with higher levels in preeclamptic women, for systolic and diastolic blood pressures (135.61 ± 12.79 and 85.45 ± 16.26, *P* \< 0.001) and nitrites (18.01 ± 4.44, *P* = 0.007) compared with normotensive ones ([Table 5](#tab5){ref-type="table"}).

When comparing Hp phenotypes subgroups (1.1 plus 2.1 versus 2.2), within either NBPP or PE groups, we found significant differences as follows: higher values of Apo A (0.90 ± 0.17 versus 1.07 ± 0.22, *P* = 0.002) and CRP (0.50 ± 0.10 versus 0.70 ± 0.09, *P* = 0.026) associated with Hp 2.2, in NBPP and PE groups, respectively (data not shown).

Women after pregnancy were then stratified accordingly to previously preeclamptic (PE) or normotensive (NBP) women corresponding to reclassifying by the criteria of the ESH/ESC \[[@B23]\]. We found that 47.7% of preeclamptic women developed hypertension (Group 1) and that only 10.3% of normotensive women during pregnancy developed hypertension afterwards, Group 3 as in shown in [Figure 2](#fig2){ref-type="fig"} (*P* \< 0.001). Two other groups of women, such as Group 2 of previously preeclamptic women that became normotensive and Group 4 of previously normotensive women that maintain normotensive, were analysed ([Figure 2](#fig2){ref-type="fig"}).

When we evaluated circulating cardiovascular risk biomarkers, we found that preeclamptic women that subsequently became normotensive (Group 2, PE \> NBP) have some clear characteristics of the hypertensive subjects (Group 1, PE \> HTA), namely, BMI, WC, pulse pressure, CRP, MPO, nitrites, nitric oxide total metabolites (NOx), transaminases, and lipid profile ([Table 6](#tab6){ref-type="table"}). Moreover the preeclamptic women that developed hypertension were significantly older than the preeclamptic women that did not develop hypertension (Group 1, PE \> HTA versus Group 2, PE \> NBP) (36.64 ± 5.16 versus 33.50 ± 5.29, *P* = 0.008). The Groups 2 and 3 only differ significantly in systolic and diastolic blood pressures with higher levels for Group 3 (140.00 ± 6.23 and 86.00 ± 5.87, *P* \< 0.001 and *P* = 0.008, resp.), and for nitrites with higher levels in Group 2 (18.02 ± 3.89, *P* \< 0.001) ([Table 6](#tab6){ref-type="table"}).

The pure normotensive group or Group 4 (NBPP \> NBP) differs significantly in BMI (28.71 ± 5.11, *P* = 0.033), systolic (140.00 ± 6.23, *P* \< 0.001), diastolic blood pressures (86.00 ± 5.87, *P* \< 0.001), and pulse pressure (54.00 ± 9.53, *P* = 0.040) and slightly in CRP (0.70 ± 0.24, *P* = 0.055), when comparing with Group 3, with higher values for the this one ([Table 6](#tab6){ref-type="table"}). When comparing this group (Group 4, NBPP \> NBP) with women that became normotensive after a preeclamptic episode (Group 2, PE \> NBPP) we found significant differences in BMI (26.85 ± 4.69, *P* = 0.033), WC (88.38 ± 12.01, *P* = 0.005), systolic blood pressure (125.04 ± 8.85, *P* \< 0.001), pulse pressure (50.96 ± 8.38, *P* = 0.004), MPO (86.49 ± 44.39, *P* = 0.032), nitrites, (18.02 ± 3.89, *P* \> 0.001), ALT (19.00 ± 2.07, *P* = 0.021), and Apo B (0.65 ± 0.13, *P* = 0.040), with higher values for Group 2 (PE \> NBP).

Extreme groups (Group 1---PE \> HTA and Group 4---NBPP \> NBP) differ significantly with higher levels for Group 1 in BMI (27.22 ± 5.00, *P* = 0.016), WC (90.56 ± 18.96, *P* = 0.010), systolic (145.88 ± 16.11, *P* \< 0.001), diastolic (98.90 ± 16.26, *P* \< 0.001) blood pressures, MPO (82.74 ± 11.04, *P* = 0.010), nitrites (23.04 ± 13.07, *P* = 0.037), and ALT (19.00 ± 1.85, *P* = 0.031) ([Table 6](#tab6){ref-type="table"}).

We evaluated the distribution of the Hp phenotypes among the four subgroups and we did not find differences between them (*P* = 0.273), even within subgroups of previously preeclamptic or normotensive women considering separately (*P* = 0.130 and 0.185, resp.) ([Table 7](#tab7){ref-type="table"}).

In order to study the influence of the Hp phenotypes (1.1 plus 2.1 versus 2.2) in cardiovascular risk, we analyse in these newly identified four groups the levels of biomarkers and their variation according to Hp phenotype (see Supplementary table in Supplementary Material available online at <http://dx.doi.org/10.1155/2014/361727>). Relative to individual groups, we found significant differences only in Group 4 (NBPP \> NBP, previously normotensive pregnant women that maintain normotensive) with higher levels of Apo A (0.89 ± 0.17 versus 1.07 ± 0.23, *P* = 0.003) and slightly elevated differences for HDL (49.00 ± 1.46 versus 54.20 ± 2.04, *P* = 0.068) associated with Hp 2.2 phenotype.

Considering only the Hp 1.1 plus 2.1 phenotypes, we observed between Groups 1 and 2 (PE \> HTA versus PE \> NBP) differences for HDL cholesterol with higher values at Group 2 (46.00 ± 1.69 versus 53.00 ± 1.39, *P* = 0.053), and between Groups 2 and 3 (PE \> NBP versus NBPP \> HTA) we found differences in nitrites (17.90 ± 2.89 versus 9.00 ± 0.00, *P* \< 0.001) with higher values for PE \> NBP, and between Groups 3 and 4 (NBPP \> HTA versus NBPP \> NBP) differences were found for BMI (28.71 ± 5.11 versus 24.45 ± 3.22, *P* = 0.010), systolic blood pressure (140.00 ± 6.23 versus 115.50 ± 11.06, *P* \< 0.001), diastolic blood pressure (86.00 ± 5.87 versus 70.47 ± 10.26, *P* = 0.001), pulse pressure (54.00 ± 9.53 versus 45.03 ± 7.12, *P* = 0.011), and CRP (0.70 ± 0.24 versus 0.30 ± 0.17, *P* = 0.029), but for WC (89.00 ± 15.11 versus 81.20 ± 8.48, *P* = 0.078) differences were slight. Between Groups 2 and 4 (PE \> NBP versus NBPP \> NBP) we found significantly mean higher levels for BMI (26.88 ± 5.23 versus 24.45 ± 3.44, *P* = 0.026), WC (88.93 ± 12.51 versus 24.45 ± 3.22, *P* = 0.005), systolic blood pressure (124.56 ± 9.02 versus 115.50 ± 11.06, *P* = 0.001), MPO (96.93 ± 45.84 versus 54.38 ± 30.75, *P* = 0.009), nitrites (17.90 ± 2.89 versus 8.99 ± 2.32, *P* \< 0.001), Apo A (0.99 ± 0.15 versus 0.89 ± 0.17, *P* = 0.011), and ALT (18.00 ± 1.65 versus 15.00 ± 1.34, *P* = 0.025). Finally for extreme Groups 1 and 4 (PE \> HTA versus NBPP \> NBP) there were significant differences in WC (92.74 ± 22.68 versus 81.20 ± 8.47, *P* = 0.022), systolic blood pressure (147.56 ± 19.17 versus 115.50 ± 11.06, *P* \< 0.001), diastolic blood pressure (100.92 ± 18.48 versus 70.47± 10.26, *P* \< 0.001), and MPO (80.33 ± 6.42 versus 54.38 ± 30.75, *P* = 0.014), as well as a trend in BMI (29.97 ± 5.93 versus 24.45 ± 3.22, *P* = 0.063) and ALT (0.45 ± 0.19 versus 0.30 ± 0.17, *P* = 0.055) (supplementary table).

By other hand, when consider only the Hp 2.2 phenotype, we obtained differences between Groups 1 and 2 (PE \> HTA versus PE \> NBP) with higher values for systolic (143.41 ± 10.12 versus 126.14 ± 8.66, *P* \< 0.001) and diastolic (95.94 ± 12.24 versus 72.71 ± 10.37, *P* \< 0.001) blood pressures. Between Groups 1 and 4 (PE \> HTA versus NBPP \> NBP) we found differences in nitrites with higher values in Group 1 (17.53 ± 1.89 versus 11.54 ± 5.06, *P* = 0.052) (data not shown).

4. Discussion {#sec4}
=============

Cardiovascular disease in pre- and postmenopausal women is the most prevalent cause of morbidity including metabolic syndrome with abdominal obesity, dyslipidaemia, insulin resistance, and hypertension.

In the last 10 years, several studies demonstrate that history of preeclampsia increases the risk for development of cardiovascular disease \[[@B2], [@B5]\]. Hypertensive disease of pregnancy in particular preeclampsia (PE) is characterized by a proinflammatory state of low intensity initiated in the placenta after under-perfusion, hypoxia, and local oxidative stress. This state leads to endothelial dysfunction and secondarily the clinical symptoms of PE \[[@B27]\]. The initial phenomena of ischemia reperfusion of placenta give places probability to the formation and release of advanced glycation end products (AGEs) that secondarily activates the AGE-RAGE (receptor of AGE) axis \[[@B28], [@B29]\].

AGE-RAGE axis activates an acute phase response locally in placenta or systemically in liver where one of its the components is haptoglobin (Hp) that initiates the axis Hp-CD163-heme oxygenase (HO) that leads to the switch of Th1 to Th2 of acquired immune response \[[@B12], [@B20], [@B30]\].

In our present study we did not observe a clear association of the Hp phenotypes with susceptibility to preeclampsia or to its long-term prognosis. But the presence of Hp allele 1 seems to be a protective factor for these outcomes, as it was observed by the other authors \[[@B31]--[@B33]\]. For some authors, this can be due to the great immune tolerance potential of the Hp 2.1 phenotype \[[@B34], [@B35]\]. However, this subject is controversial \[[@B36], [@B37]\]. The early PE, more characteristics of placenta dysfunction versus late PE, linked to endothelial dysfunction due to constitutional factors such as body mass index (BMI) and metabolic syndrome, cannot be explained by Hp polymorphism ([Table 2](#tab2){ref-type="table"}).

In our cohort, we observed independently of age, significant higher BMI, WC, and systolic and diastolic blood pressure in previously preeclamptic women. The same happens for more elevated MPO, nitrites, ALT, and Apo B concentrations in blood. These results are in accordance with those of other authors \[[@B3], [@B38]\].

When we analysed those biomarkers (anthropometric, haemodynamic, and circulatory) stratified by Hp phenotypes (Hp 1.1 plus 2.1 versus 2.2), we found significant differences between previously PE versus normotensive ([Table 5](#tab5){ref-type="table"}), respectively, for WC, MPO, ALT, and Apo A (more elevated in carriers of Hp 1.1 plus 2.1 phenotypes). For lipid profile biomarkers, Hp 2.2 in both NBPP and PE groups has higher values than Hp allele 1 carriers. This can be explained by great expression of Apo A in oxidative condition \[[@B21]\]. Elevated MPO probably is related to NO bioavailability through its oxidation into nitrites, which were also more elevated in previously PE women of both Hp phenotypes \[[@B39]\]. MPO free in plasma or serum represents that one which is mobilized from the vessel wall to the lumen affecting NO bioavailability \[[@B40]\]. After reclassification according to actual blood pressure of previously PE women, in two groups with (Group 1) or without (Group 2) actual hypertension and using the same criteria for previously normotensive women we could have a more real picture of risk of the women having hypertensive disease, years after pregnancy and the natural history of cardiovascular disease in premenopausal women ([Figure 2](#fig2){ref-type="fig"}). Between the two subgroups of previously PE women there is a difference in age, with a mean age lower in NBP ([Table 6](#tab6){ref-type="table"}). These women probably became hypertensive later. The same situation relative to age was observed between the two normotensive Groups 3 and 4. Group 3 seems to have characteristics of metabolic syndrome features, like WC, pulse pressure, and CRP. This situation is also observed comparing Group 4 with Group 2 (PE \> NBP) and similarly comparing with Group 1 (PE \> HTA) as is observed in [Table 6](#tab6){ref-type="table"}.

Finally, haptoglobin polymorphism also did not influence apparently the natural history of previously preeclamptic and normotensive Groups 1 and 2, premenopausal one ([Table 7](#tab7){ref-type="table"}). After our trial to clarify the influence of that polymorphism in some circulating risk biomarkers (supplementary table), in women with Hp 1 allele (Hp 1.1 plus 2.1), we observe a trend for higher values of HDL cholesterol in Group 2 (PE \> NBP), compared with women PE \> HTA (Group 1), even after adjusting for age.

The difference between groups previously with PE that became hypertensive (Group 1) or yet normotensive (Group 2) and also Group 3 (NBPP \> HTA), as compared with Group 4 (NBPP \> NBP, previously normotensive pregnant women that maintain normotensive) depends on surrogate biomarkers of metabolic syndrome and NO bioavailability, sustained by Hp 2.2 phenotype.

5. Conclusions {#sec5}
==============

Women with previous preeclampsia and premenopausal, even if became normotensive, presented significant differences compared with previous normotensive women during pregnancy in some classic cardiovascular risk biomarkers as well as in some others, associated with metabolic syndrome, NO bioavaibility and inflammatory process. These biomarkers variation may be modulated by haptoglobin functional genetic polymorphism more relevant in the carriers of haptoglobin 1 allele. The history of hypertensive disease in pregnancy may be relevant, in association with these biomarkers including genetic ones, to the prevention of cardiovascular disease in particular of postmenopausal women.

Supplementary Material {#supplementary-material-sec}
======================

###### 

In supplementary table, four distinguishes groups, which results from women that were classified in preeclamptic (PE) and normal blood pressure in pregnancy (NBPP) and reclassified in hypertensive after pregnancy (HTA) and normotensive after pregnancy (NBP), based on the criteria of European Society of Hypertension (ESH) and European Society of Cardiology (ESC). These groups were characterized in conformity of hypertension classification and anthropometric, hemodynamic, cardiovascular risk biomarkers and other biochemical parameters in Hp 1.1 plus 2.1 phenotypes.
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![Polyacrylamide gel electrophoresis (PAGE) of Hp showing the typical pattern of bands of 1.1, 2.1, and 2.2 phenotypes.](OGI2014-361727.001){#fig1}

![Reclassification of women previously PE and normotensive, 2--16 years after delivery. This reclassification took into account the definitions of hypertension according to diastolic and/or systolic pressures during pregnancy and 2--16 years after pregnancy and childbirth. Preeclamptic (PE), normal blood pressure in pregnancy (NBPP), hypertensive after pregnancy (HTA), and normotensive after pregnancy (NBP).](OGI2014-361727.002){#fig2}

###### 

Distribution of Hp phenotypes in women with normal blood pressure in pregnancy (NBPP) and preeclamptic women (PE).

  -----------------------------------------------
  Phenotype   NBPP\       PE\         *P* value
              *n* = 128   *n* = 137   
  ----------- ----------- ----------- -----------
  Hp 1.1      28 (21.9)   22 (16.1)   0.421

  Hp 2.1      66 (51.6)   72 (52.5)   

  Hp 2.2      34 (26.5)   43 (31.4)   
  -----------------------------------------------

Chi-square test.

###### 

Distribution of Hp phenotypes in the sample of preeclamptic women (PE) stratified by age of gestation at diagnosis.

  ----------------------------------------------------------------------------------
                                     Hp 1.1\     Hp 2.1\     Hp 2.2\     *P* value
                                     *n* = 19    *n* = 66    *n* = 42    
  ---------------------------------- ----------- ----------- ----------- -----------
  ≤34 weeks of gestation, *n* (%)    6 (14.6)    23 (56.1)   12 (29.3)   0.791

  \>34 weeks of gestation, *n* (%)   13 (15.1)   43 (50.0)   30 (34.9)   
  ----------------------------------------------------------------------------------

Chi-square test.

Preeclamptic women (PE) with diagnosis before 34 weeks of gestation (≤34 weeks of gestation) and after 34 weeks of gestation (\>34 weeks of gestation).

###### 

Comparison of anthropometric and blood pressure data in women with normal blood pressure in pregnancy (NBPP) and preeclamptic women (PE).

  ---------------------------------------------------------------------------------------------------------
                        NBPP\                 PE\                   OR      CI (95%)         *P* value^†^
                        *n* (mean ± SD)       *n* (mean ± SD)                                
  --------------------- --------------------- --------------------- ------- ---------------- --------------
  Age (years)           60 (35.62 ± 5.62)     89 (34.99 ± 5.40)     0.979   (0.922--1.040)   0.492

  BMI (Kg/m^2^)         59 (25.40 ± 4.05)     88 (27.05 ± 4.79)     1.090   (1.007--1.180)   **0.033**

  WC (cm)               56 (82.77 ± 9.85)     88 (89.54 ± 15.64)    1.048   (1.015--1.082)   **0.004**

  Systolic BP (mmHg)    58 (118.88 ± 13.38)   88 (134.99 ± 16.50)   1.095   (1.059--1.133)   **\<0.001**

  Diastolic BP (mmHg)   58 (72.21 ± 10.08)    88 (85.93 ± 18.28)    1.076   (1.043--1.110)   **\<0.001**

  Pulse pressure        58 (46.67 ± 9.30)     88 (49.06 ± 11.91)    1.021   (0.990--1.053)   0.196
  ---------------------------------------------------------------------------------------------------------

^†^Values adjusted for age (regression binary logistic).

Body mass index (BMI), waist circumference (WC), systolic blood pressure (Systolic BP), diastolic blood (Diastolic BP), and pulse pressure.

###### 

Comparison of cardiovascular risk biomarkers in women with normal blood pressure in pregnancy (NBPP) and women with preeclampsia (PE).

  ------------------------------------------------------------------------------------
                             NBPP\                 PE\                   *P* value
                             *n* (mean ± SD)       *n* (mean ± SD)       
  -------------------------- --------------------- --------------------- -------------
  CRP (mg/L)^††^             56 (0.40 ± 0.11)      83 (0.60 ± 0.07)      0.179

  MPO (ng/mL)^†^             24 (62.27 ± 30.88)    32 (85.67 ± 39.39)    **0.020**

  Nitrites (*μ*mol/L)^†^     25 (10.12 ± 3.80)     32 (19.12 ± 7.01)     **\<0.001**

  NO~*x*~ (*μ*mol/L)^†^      25 (79.18 ± 38.06)    29 (99.44 ± 39.52)    0.061

  AST (UI/L)^††^             60 (18.00 ± 0.65)     90 (19.00 ± 0.72)     0.083

  ALT (UI/L)^††^             60 (15.50 ± 1.03)     90 (19.00 ± 1.36)     **0.003**

  t-Cholesterol (mg/dL)^†^   60 (206.57 ± 34.29)   90 (207.18 ± 39.33)   0.922

  Non HDL cholesterol^†^     59 (157.00 ± 35.60)   90 (158.17 ± 37.96)   0.851

  LDL (mg/dL)^†^             59 (138.75 ± 32.30)   90 (158.17 ± 37.96)   0.855

  HDL (mg/dL)^††^            59 (50.00 ± 1.11)     90 (49.00 ± 0.89)     0.479

  Apo A (mg/dL)^†^           58 (0.95 ± 0.20)      87 (0.99 ± 0.17)      0.129

  Apo B (mg/dL)^†^           58 (0.59 ± 0.13)      87 (0.64 ± 0.14)      **0.023**
  ------------------------------------------------------------------------------------

^†^Independent sample *t*-test; and values are means ± standard deviation (SD).

^††^Mann-Whitney *U* test; and values are median ± standard error (SE).

C-reactive protein (CRP), Myeloperoxidase (MPO), nitrites, nitric oxide metabolites (NO~*x*~), aspartate transaminase (AST), alanine transaminase (ALT), total cholesterol (t-cholesterol), non HDL cholesterol, apolipoprotein A and B (Apo B and Apo A), low density lipoprotein (LDL), and high density lipoprotein (HDL).

###### 

Comparison of blood pressure, anthropometric characteristics, and classic or not biomarkers between women with normal blood pressure in pregnancy (NBPP) and preeclamptic women (PE) according to Haptoglobin phenotype.

                             Hp 1.1 plus 2.1       Hp 2.2                                                                          
  -------------------------- --------------------- --------------------- ------------- --------------------- --------------------- -------------
  BMI (Kg/m^2^)^†^           41 (25.18 ± 3.80)     57 (26.95 ± 5.46)     0.061         18 (25.90 ± 4.65)     31 (27.23 ± 3.32)     0.249
  WC (cm)^†^                 38 (82.43 ± 10.0)     57 (90.78 ± 17.58)    **0.004**     18 (83.47 ± 9.84)     31 (87.26 ± 11.15)    0.238
  Systolic BP (mmHg)^†^      40 (119.18 ± 13.67)   57 (134.65 ± 18.31)   **\<0.001**   18 (118.22 ± 13.01)   31 (135.61 ± 12.79)   **\<0.001**
  Diastolic BP (mmHg)^†^     40 (72.80 ± 11.18)    57 (86.19 ± 19.42)    **\<0.001**   18 (70.89 ± 7.15)     31 (85.45 ± 16.26)    **\<0.001**
  Pulse pressure^†^          40 (46.38 ± 8.12)     57 (48.46 ± 11.89)    0.308         18 (47.33 ± 11.76)    31 (50.16 ± 12.07)    0.429
  CRP (mg/L)^††^             38 (0.40 ± 0.15)      55 (0.50 ± 0.10)      0.697         18 (0.40 ± 0.12)      28 (0.70 ± 0.09)      0.106
  MPO (ng/mL)^†^             17 (57.89 ± 32.47)    18 (94.17 ± 42.14)    **0.008**     7 (72.89 ± 25.64)     14 (74.75 ± 33.89)    0.900
  Nitrites (*μ*mol/L)^†^     18 (9.57 ± 3.19)      18 (19.98 ± 8.53)     **\<0.001**   7 (11.54 ± 5.06)      14 (18.01 ± 4.44)     **0.007**
  NO~*x*~ (*μ*mol/L)^†^      18 (79.04 ± 37.15)    17 (101.32 ± 48.79)   0.141         7 (79.53 ± 43.39)     12 (96.79 ± 22.34)    0.356
  AST (UI/L)^††^             41 (18.00 ± 0.70)     59 (19.00 ± 0.66)     0.084         19 (8.00 ± 1.40)      31 (19.00 ± 1.67)     0.582
  ALT (UI/L)^††^             41 (15.00 ± 1.13)     59 (18.00 ± 1.04)     **0.005**     19 (19.00 ± 2.11)     31 (20.00 ± 3.34)     0.234
  t-Cholesterol (mg/dL)^†^   41 (203.73 ± 33.24)   59 (202.66 ± 38.65)   0.886         19 (212.68 ± 36.63)   31 (215.77 ± 39.81)   0.785
  Non HDL cholesterol^†^     40 (155.58 ± 35.59)   59 (153.97 ± 37.03)   0.830         19 (160.00 ± 36.41)   31 (166.16 ± 39.03)   0.581
  LDL (mg/dL)^†^             40 (137.90 ± 33.04)   59 (133.90 ± 33.04)   0.523         19 (140.53 ± 31.49)   31 (146.29 ± 37.61)   0.579
  HDL (mg/dL)^†^             40 (49.00 ± 1.31)     59 (49.00 ± 1.08)     0.954         19 (56.00 ± 1.95)     31 (49.00 ± 1.59)     0.203
  Apo A (mg/dL)^†^           41 (0.90 ± 0.17)      58 (0.98 ± 0.16)      **0.011**     17 (1.07 ± 0.22)      29 (1.02 ± 0.19)      0.405
  Apo B (mg/dL)^†^           41 (0.58 ± 0.12)      58 (0.62 ± 0.14)      0.122         17 (0.61 ± 0.15)      29 (0.68 ± 0.13)      0.105

^†^Independent sample *t*-test; and values are means ± standard deviation (SD).

^††^Mann-Whitney *U* test; and values are median ± standard error (SE).

Body mass index (BMI), waist circumference (WC), systolic blood pressure (Systolic BP), diastolic blood (Diastolic BP), pulse pressure, c-reactive protein (CRP), myeloperoxidase (MPO), nitrites, total nitric oxide metabolites (NO~*x*~), aspartate transaminase (AST), alanine transaminase (ALT), total cholesterol (t-cholesterol), non HDL cholesterol, low density lipoprotein (LDL), high density lipoprotein (HDL), Apolipoprotein A and B (Apo B and Apo A).

###### 

Characterization of four distinguished groups in conformity of hypertension classification and the anthropometric, hemodynamic, cardiovascular risk biomarkers and other biochemical parameters.

                             \[PE \> HTA\] (1)     \[PE \> NBP\] (2)     \[NBPP \> HTA\] (3)   \[NBPP \> NBP\] (4)   *P* value                                                       
  -------------------------- --------------------- --------------------- --------------------- --------------------- ------------- ------- ------------- ------------- ------------- -------------
  Age (years)^†^             42 (36.64 ± 5.16)     46 (33.50 ± 5.29)     6 (36.33 ± 4.97)      52 (35.50 ± 5.78)     **0.008**     0.891   0.220         0.079         0.737         0.320
  BMI (Kg/m^2^)^†^           42 (27.22 ± 5.00)     45 (26.85 ± 4.69)     6 (28.71 ± 5.11)      51 (24.97 ± 3.83)     0.830         0.500   0.373         **0.033**     **0.033**     **0.016**
  WC (cm)^†^                 42 (90.56 ± 18.96)    45 (88.38 ± 12.01)    6 (89.00 ± 15.11)     49 (82.06 ± 9.04)     0.516         0.848   0.908         **0.005**     0.107         **0.010**
  Systolic BP (mmHg)^†^      42 (145.88 ± 16.11)   46 (125.04 ± 8.85)    6 (140.00 ± 6.23)     52 (116.44 ± 11.73)   **\<0.001**   0.384   **\<0.001**   **\<0.001**   **\<0.001**   **\<0.001**
  Diastolic BP (mmHg)^†^     42 (98.90 ± 16.26)    46 (74.09 ± 10.22)    6 (86.00 ± 5.87)      52 (70.62 ± 9.23)     **\<0.001**   0.062   **0.008**     0.080         **\<0.001**   **\<0.001**
  Pulse pressure^†^          42 (46.98 ± 14.68)    46 (50.96 ± 8.38)     6 (54.00 ± 9.53)      52 (45.83 ± 8.90)     0.144         0.263   0.413         **0.004**     **0.040**     0.658
  CRP (mg/L)^††^             38 (0.60 ± 0.13)      44 (0.60 ± 0.07)      6 (0.70 ± 0.24)       49 (0.40 ± 0.12)      0.388         0.350   0.404         0.079         0.055         0.188
  MPO (ng/mL)^†^             7 (82.74 ± 11.04)     25 (86.49 ± 44.39)    3 (86.83 ± 24.08)     20 (60.86 ± 29.78)    0.781         0.710   0.990         **0.032**     0.167         **0.010**
  Nitrites (mol/L)^†^        7 (23.04 ± 13.07)     25 (18.02 ± 3.89)     3 (9.00 ± 0.00)       21 (9.84 ± 3.56)      0.190         0.110   **\<0.001**   **\<0.001**   0.693         **0.037**
  NO~*x*~ (mol/L)^†^         6 (109.70 ± 40.96)    23 (96.77 ± 39.62)    3 (91.47 ± 63.01)     21 (78.63 ± 35.86)    0.474         0.610   0.839         0.120         0.600         0.134
  AST (UI/L)^††^             42 (19.00 ± 0.84)     46 (20.00 ± 1.19)     6 (17.50 ± 1.25)      52 (18.00 ± 0.66)     0.589         0.190   0.188         0.108         0.564         0.230
  ALT (UI/L)^††^             42 (19.00 ± 1.85)     46 (19.00 ± 2.07)     6 (15.50 ± 1.01)      52 (15.50 ± 1.17)     0.809         0.110   0.121         **0.021**     0.878         **0.031**
  t-Cholesterol (mg/dL)^†^   42 (202.48 ± 42.02)   46 (210.35 ± 37.72)   6 (205.17 ± 14.10)    52 (207.48 ± 36.36)   0.267         0.878   0.739         0.701         0.879         0.538
  Non HDL cholesterol^†^     42 (154.98 ± 38.86)   46 (159.80 ± 37.72)   6 (154.17 ± 15.03)    51 (158.16 ± 37.66)   0.392         0.960   0.721         0.830         0.799         0.690
  LDL (mg/dL)^†^             42 (136.54 ± 37.97)   46 (137.74 ± 40.55)   6 (133.87 ± 10.29)    51 (140.25 ± 34.05)   0.632         0.866   0.818         0.741         0.326         0.690
  HDL (mg/dL)^††^            42 (47.00 ± 1.29)     46 (53.00 ± 1.24)     6 (52.00 ± 3.54)      51 (50.00 ± 1.21)     0.172         0.367   0.878         0.580         0.677         0.130
  Apo A (mg/dL)^†^           40 (0.97 ± 0.18)      45 (1.01 ± 0.16)      6 (0.94 ± 0.17)       50 (0.95 ± 0.21)      0.320         0.698   0.370         0.128         0.952         0.548
  Apo B (mg/dL)^†^           40 (0.63 ± 0.14)      45 (0.65 ± 0.13)      6 (0.60 ± 0.06)       50 (0.59 ± 0.14)      0.704         0.584   0.387         **0.040**     0.866         0.159

^†^Independent sample *t*-test; and values are means ± standard deviation (SD); ^††^Mann-Whitney *U* test; and values are median ± standard error (SE). Relative to *P* value of (1) versus (2)∗, values were adjusted for age (regression binary logistic).

Preeclamptic women (PE); hypertension after pregnancy (HTA), normal blood pressure in pregnancy (NBPP), normotensive after pregnancy (NBP), waist circumference (WC), Body mass index (BMI), systolic blood pressure (systolic BP), diastolic blood pressure (diastolic BP), c-reactive protein (CRP), myeloperoxidase (MPO), nitrites, total nitric oxide (NO~*x*~), aspartate transaminase (AST); alanine transaminase (ALT), low density lipoprotein (LDL) and high density lipoprotein (HDL), and apolipoprotein A and B (Apo A and Apo B).

###### 

Comparison of haptoglobin polymorphism between the subgroups.

  ----------------------------------------------------------------------
                          Hp 1.1\    Hp 2.1\     Hp 2.2\     *P* value
                          *n* (%)    *n* (%)     *n* (%)     
  ----------------------- ---------- ----------- ----------- -----------
  \[PE \> HTA\] \[1\]     9 (21.4)   16 (38.1)   17 (40.5)   0.130

  \[PE \> NBP\] \[2\]     5 (10.9)   27 (58.7)   14 (30.4)   

  \[NBPP \> HTA\] \[3\]   1 (16.7)   5 (83.3)    0 (0.0)     0.185

  \[NBPP \> NBP\] \[4\]   9 (17.3)   25 (48.1)   18 (34.6)   
  ----------------------------------------------------------------------

PE: Preeclamptic women; HTA: hypertension after pregnancy; NBP: normal blood pressure in pregnancy; NBP: normotensive after pregnancy.
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